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This invention relates to antennas and more particu- 
larly it relates to antennas having radiation patterns and 
impedance characteristics that are essentially independent 
of frequency over wide band widths. 

It is known that an antenna whose geometry is de- 
scribed completely by angles, such as an infinite biconical 
antenna, would make an ideal broadband radiator since 
its operation is theoretically completely independent. of 
frequency. The theoretical performance of the infinite 
biconical antenna is not achieved in practice, however, 
since such an antenna must be of finite length, and the 
“end effect,” i.e., the effect of finite rather than infinite 
length, leads to radiation characteristics showing con- 
siderable variation with frequency. 

A planar antenna closely related to the biconical an- 
tenna (the “bow-tie”. antenna) is likewise theoretically 
frequency-independent when infinite in size. The “end- 
effect” of an actual bow-tie antenna, however, limits the 
range of frequencies for which the radiation pattern is 
essentially constant to a bandwidth of 2 or 3 to 1. 

The present invention concerns modified planar “bow- 
tie” antennas in which the “end-effect” has been reduced 
to such an extent as to permit bandwidths of 10 to 1 or 
more to be achieved with structures of practical size. In 
general, this effect is achieved by introducing periodic 
discontinuities along the marginal edges of the bow-tie 
antenna, the geometry of the discontinuities being such 
that all dimensions involved are directly proportional to 
the distance from the feed point of the antenna, i.e., the 
vertex or the narrowest portion of the “bow-tie.” 

The construction of the antennas of the present inven- 
tion will be better understood from the following detailed 
description thereof, in which reference is made to the 
accompanying diagrams, wherein: 

Figure 1 is a plan view of an antenna embodying 
the features of the invention. 

Figure 2 is a slot antenna complementary to that shown 
in Figure 1. 

Figures 3 and 4 are typical radiation patterns for the 
antenna of Figure 2. 

Figure 5 is a sketch identifying the co-ordinate system 
used in Figures 3 and 4. 

Referring to Figures 1 and 2, the antennas of the 
present invention comprise two identical substantially 
sector-shaped, electrically conducting elements partially 
defined by intersecting straight lines AB and CD, said 
sectors almost meeting (i.e. no electrical connection) at 
point O (the feed-point of the antenna), defined by the 
intersection of these lines. ‘The marginal edges of each 
sector (e.g, AO and OD) contain a plurality of similar 
slots and teeth bounded by straight lines (e.g, EO and 
AO) and arcs of concentric circles having their common 
center at the feed-point (O) and having radii Ry, 
Rz.. s Rn, Ru+1, and ru ra... Ta ratl. The 
radii R, Re... and rm, rm, ... form a geometric 
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series of terms wherein the geometric ratio of terms in 
the series is defined by 


patel ntl y constant less than 1. 
Ra Ta 
The radii r}, řa .. . bear a constant relationship to 
radii Ry, Ra, . ... which is defined by 


o=p=a constant greater than r and less than 1. 
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The value of e thus determines the width of the slots and 


- teeth. - 
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It can be seen that, because of the geometry of the 
antenna as defined above, the dimensions of any tooth 
(or slot) are directly proportional to its distance from 
the feed point. 

Infinite antenna structures of the type of the invention 
have the property that, when energized at the vertex, the 
fields at a frequency fı will be repeated periodically at 
all other frequencies given by rf, where n may take on 
any integral value.. The parameter + determines what 
may be considered the bandwidth of a period of opera- 
tion. That is, 


. where fı and fy are two frequencies exactly one period 
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apart (fı>f2). The shape of the antenna structures of 
the invention is such that the variation of the radiation 
pattern and impedance is small over one period, and be- 
cause of the periodically repeating nature of the fields, 
the same will be true for all periods, the result being 
an extremely broadband antenna. For the finite struc- 
tures of the invention it has been found that the fields 
along the antennas decay very rapidly after passing a 
point where a resonant discontinuity, such as a tooth one 
quarter wavelength long, exists. This decay of the field 
causes the “end effect” of the antennas of the invention 
to be small, so that wide bandwidths are readily obtained 
with structures of finite size. 

It has been found that the lower and upper limits of 
the frequency band in which the radiation patterns are 


` independent of frequency are determined by the longest 
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and the shortest teeth, respectively, in the antenna, The 
low frequency limit is that for which the longest teeth 
are 14 wavelength long. Likewise, the high frequency 
limit is that for which the shortest teeth are 14 wave- 
length long. It can therefore be seen that the bandwidth 
of the antenna can be adjusted as desired by making the 
shortest and the longest teeth in the antenna correspond 
to %4 wavelength of the desired frequency limits. 

The antennas of Figures 1 and 2 are complementary 


` to each other, i.e., Figure 2 is a slot antenna in which the 
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cut-out portion is identical to the antenna of Figure 1. 
A complementary antenna is defined as the portion of 
the plane which is not covered by the original antenna: 
when an antenna and its complement are fitted together 
they cover the whole plane without overlapping. It is a 
property of planar antennas that any antenna having the 
same shape as its complement has a constant impedance 
which is independent of frequency. Thus in order that 
the antennas of the invention have impedances as well 
as patterns which are independent of frequency over the 
bandwidth, it is preferred that the equi-complementary 
condition exist, that is, an antenna should have the same 
shape as its complement. This can be accomplished in 
the antennas of Figures 1 and 2 by making the sum of 
angle « and angle @ equal to 90°. Either of the equi: 


2,985,879 


3 


complementary antennas (i.e., a given antenna or its equal 
complement) can be used with essentially identical results. 

Although the particular embodiments of Figures 1 and 
2 (i.e. in which the slots and teeth are defined by cir- 
cular arcs) are preferred, the invention is not limited 
thereto. Other types of discontinuities can be used along 
the edges of the antenna, such as trapezoids, triangles, etc., 
provided that the dimensions of all such discontinuities are 
proportional to the distances from the feed point. Re- 
gardless of the actual configuration used for the discon- 
tinuities, it is preferred that all discontinuities in a given 
antenna have similar shapes. 

It can be seen that the antennas of Figures 1 and 2 
possess no axis of symmetry but are symmetrical about 
the feed point only. Symmetry about the feed point is de- 
fined as a configuration such that for every point in the 
antenna falling on a straight line passing through the 
feed point, there exists a corresponding point on the same 
line at an equal distance on the other side of the feed 
point. Although antennas made in accordance with the 
invention which possess one or more axes of symmetry 
exhibit some broadband characteristics, the bandwidths 
thereof are in general inferior to those of antennas which 
are symmetrical about the feed-point only, and which 
are therefore preferred. 

In the preferred embodiment the same arcs which de- 
fine the teeth and slots at one marginal edge of one of 
the elements of the antenna also define the teeth and 
slots on the other marginal edge of the same element. 
However, in order to avoid symmetry about an axis pass- 
ing through the central imperforate conducting portion 
of the antenna, the slots and teeth on the edges are ar- 
ranged such that each tooth has a corresponding slot and 
each slot has a corresponding tooth on the opposite edge 
of the element at the same distance from the feed point, 
the corresponding slot or tooth being a mirror image of 
the tooth or slot to which it corresponds. 

In order to demonstrate the performance of the an- 
tennas of the invention, a number of antennas of the type 
shown in Figure 2 were constructed of light gauge copper 
sheet, approximately 0.020 inch thick. The periodic dis- 
continuities were in the form of teeth defined by arcs of 
circles connected to a sector-shaped central conducting 
strip. In order to maintain an equi-complementary condi- 
tion, the sum of angles « and g was made equal to 90°. 
A small area near the center of the antenna was left as 
solid conductor since continuation of the teeth in that 
direction requires an infinite number of teeth of zero width 
in the limit. For all models tested, the ratio e, as defined 
above, was taken equal to the square root of the ratio 7, 
also defined above, providing a ratio of tooth to slot width 
which is the same for all rows of teeth. This however, 
is not a necessary condition since e can assume any value 
greater than 7 but less than 1. 


Example I 


An antenna of the type of Figure 2 was constructed 
with the following values affixed to the variables: 


Rı=10 inches 
r=0.81 
o=yr=0.9 
a=45° 
p=45° 


The antenna was fed across the vertex with a coaxial 
line having its outer conductor bonded to one half of the 
antenna and its inner conductor extended across the vertex 
and connected to the other half. The input impedance 
of this antenna measured over the band 400 to 1600 mc./ 
sec. was found to be fairly constant with a mean value 
of approximately 150 ohms. Radiation patterns for the 
plane ¢=0 for this antenna are shown in Figures 3 and 4, 
which cover a bandwidth of almost 10 to 1 (from 450 mc. 
for Figure 3 to 4200 mc. for Figure 4). The coordinate 
system. used for these radiation patterns is identified in 
Figure 5. It can be seen that these radiation patterns are 
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essentially uniform. The patterns for intermediate fre- 
quencies were found to be similar to those shown for 
the limits of the band. 

Several additional models identical to that of Example 
1 except for tooth angles were tested, having tooth angles 
ranging from a=20° to a=60°, with r held at 0.81, 
c at 0.9 and R; at 10 inches. In each case the angle 
was adjusted so that the sum of « and p was 90° and the 
structure was thus maintained equal to its complement. 
The impedance of each of these antennas was found to be 
essentially equal to that for which «==8=45°, the only 
significant differences being the low frequency limits of 
constant input impedance. It was found that as the tooth 
angle « was decreased, holding R; fixed, the tooth lengths 
became shorter and the low frequency limit was raised. 
Thus, for the antenna in which «=20°, the low frequency 
limit for nearly constant input impedance is approximately 
800 mc./sec. The radiation patterns for these antennas 
were found to be similar for all models, showing that the 
performance of the antenna is not peculiar to a particular 
tooth angle. 

Additional antenna models similar to that of Example 
1 were tested in which the parameter r was varied over 
the range from 0.70 to 0.15. In each case the ratio was 
taken equal to Vr, with a=8==45° and R; maintained at 
10 inches. The radiation patterns of these antennas were 
found to be independent of frequency above a certain low 
frequency, although the directivity was increased as r 
was reduced, as shown in the following table, which 
gives average half-power beamwidths (that is, the average 
of both principal plane patterns for several frequencies 
over the band) for several values of r. 


TABLE I 


Average 
T Half-Power 

Beamwidth, 
Degrees 


It can be seen that the ratio +r provides a means for 
controlling the beamwidth of the antennas of this in- 
vention. It was found, however, that the low limit of 
frequency independent operation was increased as the 
directivity increased. Thus, in order to increase the di- 
rectivity without affecting the bandwidth, it is necessary 
to increase angle a or R; (thereby increasing the length 
of the longest tooth) as well as decreasing the ratio. 

Although the condition in which an antenna is equal 
to its complement is preferred, it is not necessary for 
achieving wide bandwidths for which the radiation pat- 
terns are independent of frequency. This was demon- 
strated by the construction and testing of an antenna 
similar to that of Example 1, except for angles « and f 
which were given the values 45° and 75° respectively. 
This antenna exhibited no degradation of the radiation 
patterns, compared to the antenna of Example 1. The 
input impedance of the antenna, however, had been re- 
duced to a mean value of about 100 ohms and exhibited 
considerable variation with frequency. In order there- 
fore to secure the best impedance match between the an- 
tenna and the transmission line feeding the same for all 
frequencies in the band, it is preferred to construct the 
antenna such that it is equal to its complement. 

The two halves of the antennas of the invention are 
fed at the vertices thereof either with a balanced two wire 
line or with a coaxial line having the outer conductor 
bonded to the vertex of one half of the antenna and the 
inner conductor attached to the vertex of the other half. 
In either case there should be no electrical connection be- 
tween the halves of the antenna (other than through the 
transmission line) in order to avoid a short-circuit. 
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The foregoing detailed description has been given for 
clearness of understanding only, and no unnecessary 
limitations should be understood therefrom, as modifica- 
tions will be obvious to those skilled in the art. 

I claim: 

1. An antenna formed of an electrically conducting 
material having an outline partially defined by a pair of 
intersecting straight lines, the point of intersection of 
said lines being the feed point of said antenna, the 
marginal edges of said antenna containing a plurality of 
alternating slots and teeth, the dimensions of each of 
said slots and teeth being proportional to its distance from 
said feed point. 

2. A planar antenna formed of an electrically conduct- 
ing material, said antenna having an outline partially de- 
fined by a pair of intersecting straight lines forming two 
opposed substantially V-shaped elements, the point of 
intersection of said straight lines being the feed point of 
said antenna, each of said elements comprising an im- 
perforate central sector-shaped portion and slotted sector- 
shaped portions of equal angular width on either side 
of said central portion, said slotted portions containing a 
plurality of alternating parallel slots and teeth, the di- 
mensions of each of said slots and teeth being propor- 
tional to its distance from the feed point. 

3. The antenna of claim 2 wherein the sum of the 
angles subtended at the feed point by one of said slotted 
portions and one of said central portions equals 90°. 
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4. The antenna of claim 2 wherein said slots and teeth 
are defined by straight lines passing through said feed 
point and arcs of concentric circles having their centers 
at the feed point. 

5. The antenna of claim 2 wherein said elements have 
identical configurations, said antenna being symmetrical 
about the feed point, the teeth and slots in each element 
being arranged such that each tooth has a corresponding 
slot and each slot has a corresponding tooth, said corre- 
sponding slots and teeth being mirror images of the teeth 
and slots located on the opposite marginal edge of said 
element at equal distances from the feed point. 
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